Aim Synovial chondromatosis (SC) is a benign condition that is characterized by the formation of cartilaginous nodules within the synovial tissue of a joint that may detach and form loose bodies inside the articular space. The purpose of this study is to evaluate the use of surgical arthroscopy for the treatment of SC of the temporomandibular joint (TMJ). Materials and Methods A series of six patients treated with arthroscopy (one patient requiring an open arthrotomy due to the size of the loose bodies) in our centre between 1997 and 2016 is presented and results are discussed. A systematic review of the literature of patients with SC treated with arthroscopy or arthroscopy-assisted open arthrotomy is also carried out. Results Pain, which was the main symptom in our patients, and maximum mouth opening both improved significantly after surgical treatment. Three of the patients were diagnosed with primary SC, and the other 3 had a previous diagnosis of internal derangement. None of the patients showed signs of relapse during the follow-up period. Conclusions Surgical arthroscopy is a minimally invasive procedure that allows the extraction of loose bodies and even partial synovectomy of the affected membrane with good results and without recurrence of the disease. This technique can be useful in cases of SC with loose bodies measuring less than 3 mm or without extra-articular extension.
Introduction
Synovial chondromatosis (SC) is described as a monoarticular benign metaplasia of the synovial membrane, characterized by the formation of cartilaginous nodules within the subsynovial connective tissue that may detach and form loose bodies inside the articular space. This condition mainly affects large joints such as the knee, elbow, wrist and hip, and has been studied well in these locations. Involvement of the TMJ is a rare condition with isolated case reports and small series of patients published in medical literature [1] . This non-neoplastic disorder of the TMJ affects women more frequently than men with a ratio of 4:1, and it is predominantly located in the right side, with a right-to-left ratio also of 4:1 [2] . When it occurs in the TMJ, it is usually confined to the articular space, although extra-articular extension to the infratemporal space, the parotid region or the middle cranial fossa has also been described [3] [4] [5] .
The aetiology of this condition is still controversial, and both primary and secondary forms have been described [6] . In the primary form, a cartilaginous metaplasia of mesenchymal tissue remnants arises in the synovial membrane. Fibroblasts beneath the membrane surface become metaplasic and deposit chondromucin. Active cellular proliferation occurs and cartilage nodules grow and finally detach inside the joint space. Secondary SC is a more passive process where other causes such as trauma, inflammatory or degenerative arthritis or other joint diseases induce foci of cartilaginous metaplasia in the synovial membrane and nodule formation [6] . This secondary form is more frequent and less aggressive.
Clinical signs and symptoms such as preauricular swelling, unilateral pain, limitation of jaw motion, crepitation and occlusal changes are commonly seen in SC. However, these signs are non-specific and can be mistaken for an internal derangement, delaying treatment [7] [8] [9] . Conventional X-rays are usually normal, while computer tomography (CT) and magnetic resonance imaging (MRI) might identify intraarticular loose bodies or even extraarticular extension [8, 10, 11] .
SC is classified histologically in three phases according to the Milgram classification [12] : stage 1 or the early stage is the active phase characterized by an intrasynovial disease without loose bodies; stage 2 or the intermediate stage shows synovitis with osteochondral nodules in the synovial membrane and loose bodies within the joint; and stage 3 or the final stage is characterized by the presence of loose bodies without synovial involvement.
The standard treatment supported by most authors is open arthrotomy of the affected TMJ with removal of loose bodies and synovectomy if necessary. However, TMJ arthroscopy has gained popularity as a diagnostic and therapeutic option in SC [5, 7, 8, [13] [14] [15] . SC generally occurs in the superior joint space, which makes arthroscopic management feasible [15] .
The objective of this article is to show that TMJ arthroscopy is a valid option of treatment in SC by presenting a series of six patients with no relapse during follow-up. A systematic literature review and analysis are also presented.
Patients and Methods
A series of six patients were treated with TMJ arthroscopy due to SC in the Department of Oral and Maxillofacial Surgery of the University Hospital ''La Princesa'' (Madrid, Spain) between 1997 and 2016. Age, gender, medical history, previous treatments and possible aetiological factors (TMJ trauma, systemic joint inflammatory disorders, degenerative arthritis, TMJ internal derangements or bruxism) were recorded. Clinical signs (pain, swelling, limitation of mouth opening, lateral joint deviation and joint sounds) were also recorded. Two parameters were used for preoperative and post-operative evaluation of the technique: pain measured by a visual analog scale (VAS; range 0 to 100 mm) and maximum mouth opening (MMO in millimetres) for mandibular function. These two parameters were measured preoperatively and 3, 6 and 12 months after surgery. Panoramic X-rays and an MRI and/or CT scan were taken on each patient before surgery. The institutional review board of our centre approved this study.
Surgical Technique
Patients were surgically treated with a double-puncture TMJ arthroscopy under general anaesthesia and nasotracheal intubation. TMJ arthroscopy is performed with a Striker Ò (Stryker Endoscopy, San Jose, CA) 1.9 mm and 30°arthroscope. After entering the upper joint space with a 23-gauge needle, distension of the joint space is obtained with saline solution. Using a sharp-tipped and then a blunttipped trocar, a puncture is carefully made in the superior compartment in order to introduce the arthroscope cannula. Continuous lavage with lactated Ringer's solution is maintained using a 50-mL syringe connected to an irrigation line. After inspection of the upper joint space, a second cannula is inserted by puncture in the anterior recess by a method of triangulation.
Different arthroscopic procedures are performed depending on intraoperative arthroscopic findings: lysislavage and an initial diagnosis, electrocautery with the COBLATOR TM II Surgery System in areas of synovitis, motor debridement for irregularities of the articular surface, in addition to the removal of loose bodies that are sent to the Pathological Anatomy Department for evaluation. In cases of disc displacement, the posterior attachments are also electrocauterized with the COBLATOR TM II Surgery System. According to the protocol for TMJ arthroscopy followed in our centre, the procedure is always accompanied by the injection of sodium hyaluronate to ease articular mobilization. Milgram's classification is used for staging of the patient 12 . During the first 6 months after the arthroscopy, all patients undergo physiotherapy that involves a programme of jaw exercises, with mandibular manipulation and joint mobilization, to be carried out at home.
In 
Results
Five of the six patients treated of SC were female, and all six of them had a unilateral involvement of the left TMJ. The average age was 42 years (range 33-57 yrs). None of the patients had a history of previous trauma or degenerative arthritis. Three patients were diagnosed with bruxism and were treated with occlusal splits previous to the surgery. They were also treated conservatively with a soft diet, joint rest and non-steroidal anti-inflammatory drugs. These three patients (cases 1, 2 and 3) had an initial diagnosis of internal derangement and are considered secondary SC. The other three cases (cases 4, 5 and 6) had no previous history of TMJ disorder or previous treatments and are considered primary SC. The most common presenting symptoms were preauricular pain and limitation of mandibular range of motion. Two patients presented swelling of the TMJ area. These clinical characteristics are shown in Table 1 . Average preoperative pain was 46.7 mm (SD ± 27.3; VAS), and average preoperative MMO was 32.3 mm (SD ± 9). Cases 1, 4, 5 and 6 reported mild-to-moderate pain and also had a limitation of mouth opening. Case 3 complained severe pain but with no difficulty of mouth opening, and case 2 had mild pain with a normal mouth opening, and the presence of loose bodies was shown in the CT scan (Fig. 1) .
Conventional panoramic X-rays were normal in all six patients. TMJ magnetic resonance imaging (MRI) was taken in five patients, with two cases of secondary SC and three cases of primary SC. Synovial effusion was present in 4 cases, 3 of which also had disc displacement (2 with reduction and 1 without) (Fig. 2) . Case 1 had long-term TMJ disorder and a diagnostic TMJ arthroscopy was indicated.
All of the patients were surgically treated with a TMJ arthroscopy under general anaesthesia. SC was identified in every case in the initial diagnostic phase of the procedure. Loose bodies measuring between 0.5 and 3 mm were observed in all six cases and were removed with a forceps from the superior joint space through a second cannula (Fig. 3) . Different grades of synovitis and chondromalacia were also observed. Disc displacement was found in two cases, and disc perforation and degenerative changes were observed in another case. Electrocoagulation of areas of synovitis was performed, and the posterior ligament was also coagulated in cases of disc displacement to reposition the disc. A motorized shaver was used for the debridement Table 2 .
One case (case 2) showed loose bodies with only minimal synovitis (grade I), and so was diagnosed with stage 3 SC; the other five cases were diagnosed with stage 2 SC. Inferior joint space was unaffected in all six cases. Minor complications (extravasation of fluid to soft tissues) occurred in two patients, which resolved within 24-48 h. Open arthrotomy (by classic preauricular incision) after arthroscopy was necessary in one patient (case 5) in order to completely remove loose bodies, due to their abundance.
During the follow-up period, pain improved significantly in the cases that presented significant pain (cases 3 and 4). MMO after surgery was normal in three cases. The average pain observed at 3, 6 and 12 months postoperatively were 6 mm (SD ± 6.5), 6.6 mm (SD ± 5.1) and 3 mm (SD ± 4.4), respectively. The average MMO observed at 3, 6 and 12 months post-operatively was 35.2 mm (SD ± 13.4), 38.8 mm (SD ± 12.1) and 43 mm (SD ± 11.2), respectively. None of the patients showed signs of relapse during the follow-up period. A follow-up MRI was taken in 4 out of the 6 patients. Two of the patients showed disc displacement, but none of them showed signs of chondromatosis (Fig. 4) .
A review of the literature revealed a total of 10 articles [5, [15] [16] [17] [18] [19] [20] [21] [22] [23] published between 2007 and 2017, with a total of 79 cases (59 female and 20 male patients) ( Table 3 ). The average age at diagnosis was 44.8 years (range 21-74 yrs). The left joint was affected in 39 cases and the right joint in 40 cases. Treatment exclusively with arthroscopy was used in 38 patients (48.1%), and arthroscopy-assisted open surgery was used in 41 patients. A summary of the literature review analysis is given in Table 4 .
Discussion
Internal derangement is the most common temporomandibular joint disorder, with degenerative osteoarthritis and trauma being other frequent pathologies. Synovial chondromatosis (SC), or synovial chondrometaplasia, of the TMJ is a rare condition, but is the most common neoplastic lesion of this joint [1, 2] . SC has an unspecific clinical presentation that in many cases mimics an internal derangement, since the main clinical characteristics are similar to the ones of internal derangement: pain, swelling and joint dysfunction [24] . Patients receive conservative treatment for this condition and the final diagnosis of SC could be delayed until an invasive diagnostic and/or therapeutic method is indicated [5] , which is why arthroscopy frequently discovers a TMJ SC.
However, the development of new imaging modalities such as TMJ-specific magnetic resonance imaging (MRI) and high-resolution computed tomography (CT) scan has allowed for early and specific diagnosis of this entity [8, 10, 14, 15] . CT images can identify soft tissue swelling, define the size, shape and location of loose bodies or show possible changes in the articular surface of the temporal bone in addition to extra-articular extension [10] . An MRI can also identify loose bodies in the articular space as well as effusion in the superior and/or inferior articular space and bone erosion [1, 15] . Disc position definition and concomitant TMJ derangement can also be diagnosed by MRI [14] . The MRI is not only useful for the diagnosis of the patient, but it is also useful for follow-up after surgery, which we used in four of our patients, showing no signs of relapse. In SC, the most frequent arthroscopic findings are loose bodies in the superior joint space (less frequently in the inferior space), synovitis with areas of metaplasia and proliferation and variable grades of chondromalacia. These findings often appear together with signs of disc pathology, such as disc displacement, synovitis of the posterior ligament or disc perforation (cases of secondary SC). Loose bodies can be removed with a forceps inserted in the articular space through a cannula or even by a wider third cannula [5] . Arthroscopy can also show areas of synovitis, which can be coagulated with bipolar or radiofrequency devices; synovial biopsies can also be performed.
The results observed in our series of patients treated by arthroscopy were very good. Pain was the main symptom in our patients, which improved significantly after arthroscopic treatment. The average pain changed from 46.7 mm on a VAS preoperatively to 3 mm 12 months after surgery. This improvement was also stable throughout follow-up. The maximum mouth opening also improved post-operatively, although the patients were not functionally affected initially. The average MMO changed from 32.3 mm preoperatively to 43 mm 12 months after surgery.
Several authors still recommend open surgery for treating SC [1] . However, Fernandez-Sanroman et al. [5] demonstrated in a series of five patients that arthroscopy is the surgical option of choice in SC limited to TMJ space. Cai et al. [15] also demonstrated good results with arthroscopy in a large series of 33 patients (the largest series in medical literature) with SC when it was confined to the joint space. Other authors had also previously described the arthroscopic use in SC [7, 13] . Bai et al. [23] argue that there are dead zones such as the medial groove of the joint capsule that cannot be reached by open surgery. In these cases, they recommend the use of arthroscopy to complete treatment after open surgery. They found the presence of loose bodies in the anterior or posterior recesses in 14 patients that would not have been removed if only open surgery was done. In these patients, arthroscopy was not done from the start due to the size of some of the loose bodies. We also advocate for arthroscopic management in cases of intraarticular SC, especially in cases of associated internal derangement as it also allows for repositioning and preservation of the disc.
Open surgery is the treatment of choice in SC with extra-articular extension and in SC recurrences [5] . Extraarticular extension may occur with affectation of the middle cranial fossa, the infratemporal space or the parotid region [3] [4] [5] . Affectation of the cranial fossa can produce neurological symptoms as headaches, sensory or motor defects or decreased acoustic sensibility [3] . When extraarticular SC occurs, open arthrotomy is performed by a preauricular approach [4] , with removal of loose bodies and synovectomy, and a careful resection of the entire expansive lesion. A parotidectomy may be necessary if the lesion affects the gland. Involvement of the inferior joint space is extremely rare and it could even affect the condyle. In this situation, a high condylectomy may be necessary [9] . Recurrence is extremely rare in SC, but is more frequent in primary SC and in cases of extra-articular extension with incomplete resection of the lesion [1, 13] . There were no signs of clinical or radiological recurrence during followup in the six cases treated by TMJ arthroscopy, a minimally invasive procedure with no post-operative complications.
In conclusion, TMJ SC can be mistaken for an internal derangement or it can also appear associated with disc displacement, so a correct diagnosis is fundamental. Arthroscopic management is an excellent option for a complete diagnosis and treatment of intraarticular SC, with 
